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 Abstract: Level crossing between optical whispering-gallery modes is studied in toroidal microcavities. We 
photograph azimuthal and radial envelope patterns of crossed optical modes. We also investigate anti-
crossing between modes and polarization evolution. 
©2009 Optical Society of America 
 OCIS code: (140.3945) Microcavities; (140.4780) Optical resonators; 
 
Dielectric whispering-gallery cavities [1] have a set of discrete optical eigen-frequencies that can cross each other 
[2]. Here we tune the ratio between the major and minor-diameters of a dielectric toroidal cavity to allow crossing 
between modes (fig 1c). On crossing, modes resonate at the same frequency but with different wavelengths resulting 
in spatial (most noticeably azimuthal) beatnotes (fig1 a, d). Our experimental on-chip toroidal cavity is doped with 
erbium [3], where its IR (1.5 mm) composite-mode pattern is rendered visible through partial up-conversion into 
green light via 3-photon fluorescence [4]. We measure crossings between modes with azimuthal orders ranging from 
3 to 18, and observe modulations in the azimuthal (fig 1.a-e) as well as radial directions (fig 1.g-f). 
 
 
Anti-crossing between modes is calculated for modes of similar azimuthal wavelength but different 
transverse profile; in this case, complex polarizations are possible. In conclusion, we studied crossing (that we 
initially did not expect) between optical levels in an on-chip toroidal resonator. Complex patterns in the azimuthal, 
 
Figure 1:  Crossed modes. (a-b) experimental top view of modes and intensity profile. (c) graph of the calculated resonance frequency, 
versus the ratio of the major and minor diameter, green circle in c represents the experimental parameters in a-b. (d-e), numerically 
calculated modes. (f-g), similar measured and calculated mode but with also radial interference pattern. 
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radial, and transverse directions are reported as well as composite polarizations. Beyond the phenomenon’s 
fundamental geometrical interest, controlling the frequency difference between modes (from free-spectral-range to 
overlap) as reported here [5] is paramount in applications that require phase matching, such as third-harmonic 
generation [6] and stimulated Brillouin scattering [7]. 
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